This study was designed to evaluate the effect of acute overdose of acetaminophen exposure, and determine the curative effect of carvedilol and explore the role of endogenous H 2 S. Four groups of rats (n=10): groups I: control group, group II: acetaminophen (APAP) hepatotoxictoxic group, group III: APAP hepatotoxictoxic + carvedilol (CVD) treated group and group IV: APAP hepatotoxictoxic + CVD + hydrogen sulfide (H 2 S) blocker; dl-propargylglycine (PAG) treated group. Animals of groups II, III, IV were given a single overdose of APAP; (2 g/kg) by oral gavages. Groups III and IV received CVD (10 mg/kg/day) by oral gavages, treatment was started 1 hr before APAP administration for 14 days. Animals of group IV received intraperitoneal injection of PAG (45 µmol/kg/day) for 14 days before CVD administration. On the 15th day, blood samples were obtained for estimation of liver enzymes activity levels and animals were sacrificed. Liver was extracted for histological examination and estimation of antioxidant enzymes activity and malondialdhyde (MDA) levels in liver tissue homogenate. Serum liver enzymes activity and MDA levels were significantly higher with significantly lower antioxidant enzymes activity in group II than in groups I and III. Serum liver enzymes activity and MDA levels were significantly higher with reduced antioxidant enzymes activity in group IV than in group III. We concluded that acute acetaminophen exposure destroyed hepatic architecture and altered enzymes activity. Carvedilol has a curative effect through preserved activity of antioxidants. Endogenous H 2 S significantly contributes to carvedilol mediated effect.
Introduction
Acute liver failure (ALF) can be the result of different etiologies, with most cases caused by drug-induced hepatotoxicity. Despite advances in this field, the management of ALF continues to be one of the most challenging issues in clinical medicine [1] .
N-Acetyl-p-Aminophenol (APAP; acetaminophen) is one of the most commonly used drugs for pain relieving and antipyretic purposes on a worldwide basis. It is safe and effective at recommended doses, however overdose or chronic use of high-dose acetaminophen has the potential for inducing hepatotoxicity and ALF. It is easily accessible over the counter and thus intentional paracetamol overdose is common [2] .
Acetaminophen toxicity causes ALF by inducing centrilobular hepatic damage as a consequence of mitochondrial oxidative stress [3] . Multiple drugs and natural products were tried to overcome or ameliorate oxidative stress; paeonol was found to have a protective ability against APAP-induced hepatotoxicity and might be an effective candidate compound against druginduced ALF [4] . An antioxidative nanoparticle was suggested to possess effective hepatoprotective properties and does not exhibit the notable adverse effects [5] .
Adrenergic modulation of chemical-induced hepatotoxicity has been recognized for several decades, several studies were performed on different hepatotoxic models have demonstrated the ability to diminish hepatotoxicity via adrenergic blockade and adrenalectomy [6] , also further studies demonstrated the potentiation of toxicity following administration of catecholamines, adrenergic agonist coadministration, and electrical or physical stimulation of the nervous system [7] . Carvedilol (CVD) blocks sympathetic neural activation via antagonism of β 1 -, β 2 -, and α 1 -adrenoreceptors [8] . CVD provides greater cardiovascular benefits than traditional β-blockers that have been attributed to its antioxidant, anti-inflammatory, and anti-fibrotic properties [9] . The anti-fibrotic effects of CVD have been associated with the amelioration of oxidative stress in carbon tetrachloride-induced hepatotoxicity model [10] and suppression of hepatic satellite cell-derived lipogenesis-and fibrogenesis-related mediators [11] .
Hydrogen sulfide (H 2 S) a naturally occurring colorless gas produced by both cystathionine-γ-lyase (CSE) and cystathionine-β-synthase (CBS), which use L-cysteine as a substrate to produce H 2 S. It has long been considered a toxic gas and environmental hazard. However, evidences show that H 2 S plays a great role in different physiological and pathological activities, and it exhibits distinctive impacts when applied at various doses [12] . H 2 S is a novel gasotransmitter that has been shown to exert an important role in regulating vascular tone [13] . There is a rapidly expanding body of evidence for important roles of H 2 S in protecting against tissue injury, reducing inflammation, and promoting repair [14] . In animal studies, H 2 S has been shown to play a role in both promoting and inhibiting inflammation and appears to increase survival in animal model of sepsis and shock [15] . The current study aimed to evaluate the toxic effect of acute exposure to overdose of acetaminophen in animal model and to determine the curative effect of carvedilol on such toxicity. The study also tried to explore if this effect is possibly mediated through the endogenous H 2 S through pre-treatment administration of a H 2 Sblocker dl-propargylglycine (PAG).
Materials and Methods

Animals
The present study included 40 male albino rats with weight range of 250-300 g obtained from Faculty of Agriculture, Moshtohor. Rats were grouped and kept in separate animal cages five rats in each, under the prevailing atmospheric conditions and room temperature. Animals were maintained on a balanced diet and fresh-water supply with normal light/dark cycle. At the end of the experiment and after collection of the samples we got rid of the animals in the incinerator of Benha University Hospital.
Experiment Design
The current prospective comparative study was conducted at Department of Physiology, Faculty of Medicine, Benha University. The study protocol was approved by the Local Ethical Committee, Benha Faculty of Medicine. Animals were divided randomly into 4 equal groups (n=10): groups I: control group, group II: acetaminophen (APAP) hepatotoxictoxic group, group III: APAP hepatotoxictoxic + carvedilol (CVD) treated group, group IV: APAP hepatotoxictoxic + CVD + (CSE) inhibitor; propargylglycine (PAG) treated group. Animals of groups II, III, IV were given a single overdose of APAP; (2 g/kg) [16] dissolved in saline by oral gavages. Groups III and IV received carvedilol (CVD) dissolved in saline which was given in a dose of 10 mg/kg/day by oral gavages, treatment was started 3 hr after APAP administration for 14 days [17] . Animals of group IV received intraperitoneal injection of cystathionine γ-lyase (CSE) inhibitor; propargylglycine (PAG) that was dissolved in saline, in a dose of 45 µmol/kg/day [18] for 14 days before CVD administration. Animals of group I and II received normal saline by oral gavages and intraperitoneal injection for 14 days. If an animal died spontaneously or secondary to APAP toxicity, it was replaced by another so as to keep the number of study animals. On the 15 th day, animals were anaesthetized with urethane (1.5 g/kg; i.p.) before being sacrificed by decapitation.
Blood samples were collected through cardiac puncture from all animals, then abdominal cavity was opened immediately and liver was extracted and its wet weight was determined. The liver was divided into two parts: the 1 st part was preserved in 10% buffered formalin, (pH 7.8) for histological examination. The 2 nd part of the liver was homogenized using a Mixer Mill MM400 (Retsch, Germany) in phosphate buffer (pH 6-7) and tissue homogenates were centrifuged at 10,000 x g, 4 o C for 15 min.
Chemicals used
Acetaminophen (Paracetamol) was purchased from Eipico Co., 10th of Ramadan City, Egypt. Carvedilol was purchased from Global Napi Pharmaceuticals, Egypt. DL-propargylglycine (PAG) was purchased from Sigma Aldrich, USA.
Biochemical analysis
Blood samples were centrifuged at 3000 x g, 4 o C for 10 min and supernatant was obtained for spectrophotometric estimation of serum alanine aminotransferase (ALT) and aspartate aminotransferase (AST) activity levels by Reitman and Frankel Method using kits obtained from Abcam, Cambridge, UK [19] .
The prepared liver homogenate was divided into three parts:
-The 1 st part was deproteinized with icecooled 12% trichloroacetic acid, centrifuged at 1000 x g. Supernatant was separated and stored at -20 o C till be assayed for estimation of reduced glutathione (GSH) activity using Cayman GSH assay (Cayman Chemical Co., Ann Arbor, MI, USA) [20] .
-The 2 nd part was centrifuged at 1600 x g for 10 min at 4 o C. Supernatant was separated and stored at -80 o C till be assayed for estimation of hepatic malondialdehyde (MDA) content using Cayman Thiobarbituric Acid Reactive Substances assay (Cayman Chemical Co., Ann Arbor, MI, USA) [21] .
-The 3 rd part of the homogenate was used to prepare a cytosolic fraction of the liver by centrifugation at 10,000 x g for 15 min at 4ºC using a cooling ultra-centrifuge (Sorvall Combiplus T-880, Du Pont, USA). The obtained clear supernatant (cytosolic fraction) was used for the colorometric estimation of glutathione peroxidase (GPx) [22] , catalase (CAT) [23] and superoxide dismutase (SOD) [24] activity using Cayman assays (Cayman Chemical Co., Ann Arbor, MI, USA).
Histopathological examination
For light microscopic examination, liver specimen were fixed in 10% buffered formalin, (pH 7.8) and, then thin sections (4 μm) were stained with hematoxilin-eosin (HE) for general histological features determination [25] .
Statistical analysis
Obtained data were presented as mean±SD, ranges, numbers and ratios. Results were analyzed using One-way ANOVA with post-hoc Tukey HSD Test and Chi-square test (X 2 test). Statistical analysis was conducted using the SPSS (Version 15, 2006) for Windows statistical package. P value <0.05 was considered statistically significant.
Results
Effect of carvedilol treatment on serum liver enzymes activity in acetaminophen induced acute hepatotoxicity in rats and the role of endogenous H 2 S
Estimated serum AST and ALT activity levels were significantly (p < 0.05) higher in study groups compared to levels estimated in control animals. Animals of group II (APAP alone) had significantly (p < 0.05) higher serum AST and ALT activity levels compared to groups III and IV. Interestingly, animals of group IV that received PAG injection in addition to APAP and CVD had significantly (p < 0.05) higher serum AST and ALT activity levels compared to animals of group III that received APAP and CVD alone (Table 1) . 3.2 Effect of carvedilol treatment on oxidative stress markers in acetaminophen induced acute hepatotoxicity in rats and the role of endogenous H 2 S Liver homogenate MDA content was significantly (P1=0.005 & 0.046) higher in groups II and IV, but was non-significantly (p > 0.05) higher in group III compared to levels estimated in animals of group I. Mean MDA content of liver homogenate of animals of group II was significantly (p < 0.05) higher compared to levels estimated in animals of groups III and IV with significantly (p < 0.05) higher MDA content of liver homogenate of animals of group IV compared to group III (Table  2 ).
Liver homogenate GSH activity levels were significantly (p < 0.05) lower in groups II, III and IV, compared to activity levels estimated in liver homogenate of animals of group I. Mean GSH activity level of liver homogenate of animals of group II was significantly (p < 0.05) lower compared to animals of group III, but were nonsignificantly (p > 0.05) higher compared to group IV. On contrary, mean GSH activity level of liver homogenate of animals of group III were significantly (p < 0.05) higher than in animals of group IV (Table 2) .
Mean GPx activity levels estimated in liver homogenates of animals of groups II and IV were significantly (p < 0.05)lower, but were nonsignificantly (p > 0.05) lower in animals of groups III compared to activity levels estimated in liver homogenate of animals of group I. Mean GPx activity level of liver homogenate of animals of group III and IV were significantly higher (p < 0.05) in comparison to animals of group II, with significantly (p < 0.05) higher activity levels in liver homogenates of animals of group III than animals of group IV (Table 2) .
Liver homogenate CAT activity levels were significantly (p < 0.05) lower in groups II, III and IV, compared to activity levels estimated in liver homogenate of animals of group I. Mean CAT activity level of liver homogenate of animals of group II was significantly (p < 0.05) lower compared to animals of group III, but was nonsignificantly (p > 0.05) lower compared to group IV. On contrary, mean CAT activity level of liver homogenate of animals of group III were significantly (P3=0.032) higher than in animals of group IV (Table 2) .
Liver homogenate SOD activity levels were significantly (p < 0.05) lower in groups II, III and IV, compared to activity levels estimated in liver homogenate of animals of group I. Mean SOD activity level of liver homogenate of animals of group II was significantly (p < 0.05) lower compared to animals of group III, but was nonsignificantly (p > 0.05) lower compared to group IV. On contrary, mean SOD activity level of liver homogenate of animals of group III were significantly (p < 0.05) higher than in animals of group IV (Table 2 ). 
Histopathological Results:
In control group (Group I), liver sections showed a normal histological structure of hepatic tissue that involved a thread like arrangement of hepatocyte cells ( Figure 1A) . In group II, liver specimens of rats received APAP alone exhibited wide areas of hydropic degeneration (ballooning), necro-inflammatory foci, and congestion compared to that observed in control group (Figure 1B &1C) . In group III, liver specimens of rats received CVD for 14 days after APAP administration showed normal looking of hepatic tissue but with early congestion, minimal hydropic changes (granular cytoplasm) and rare necro-inflammatory foci ( Figure 1D ). In group IV, liver specimens of rats received intraperitoneal injection of PAG followed CVD after APAP administration for 14 days showed mild to moderate hydropic degeneration with cytoplasmic vacuoles and mild inflammatory cell infiltration ( Figure 1E ). 
Discussion
The current study could approve the hepatotoxic effect of acute acetaminophen (APAP) exposure that was illustrated histologically as wide areas of hydropic degeneration, necro-inflammatory foci and congestion. Similarly, Somanawat et al., [26] found that liver of APAP-treated animals showed extensive hemorrhagic hepatic necrosis at all zones, and Soliman et al., [27] reported extensive coagulative necrosis in hepatocytes in liver of APAP intoxicated animals.
The current study also reported that APAPinduced hepatic toxicity was reflected as significantly higher levels of ALT and AST in comparison to control animals. In line with this finding, Galal et al., [16] , Alipour et al., [28] , Lee et al., [29] , Mahmoud et al., [30] and Bektur et al., [31] previously reported that APAP caused marked liver damage as noted by significantly increased activities of serum AST and ALT. Moreover, Hu et al., [32] found high APAP dose caused ALT release, necrosis, irreversible mitochondrial dysfunction, and hepato-cellular death.
In trial to explore the underlying mechanism for the reported toxic effect of acute APAP exposure, the current study detected significantly higher levels of MDA with significantly lower levels and activity of GSH, GPx, CAT and SOD in liver homogenates of study animals compared to control animals. These findings go in hand with Galal et al., [16] and Somanawat et al., [26] who reported that APAP caused a significant decrease in liver GSH and GPx activity which paralleled the increase in MDA levels and with Alipour et al., [28] who detected increased tissue levels of lipid peroxidation products with decreases in hepatic levels of reduced GSH, GSH peroxidase and reductase. Recently, Ding et al., [4] reported disturbed hepatic tissue antioxidant activities with increasing hepatic MDA contents and reducing hepatic tissue SOD, GSH-PX and GSH activity, Saeedi Saravi et al., [33] also reported that oral APAP decreased GSH and SOD activities.
Fortunately, the use of carvedilol (CVD) significantly reduced the manifestations of acute APAP toxicity manifested as significantly lower serum AST ,ALT levels and levels of MDA in liver homogenates with preserved levels of antioxidant enzyme levels in liver homogenate compared to study animals; despite being still significantly altered compared to control animals. This effect of CVD was approved histologically where only minimal changes were detected in the studied liver specimens.
These findings go in hand with Zubairi et al., [34] who detected histopathological changes of hepatotoxicity in all APAP-treated rabbits, but completely disappeared in 50%, while was mild in 50% of CVD-treated rabbits. Also, they found serum liver function tests and MDA in serum and liver homogenate were elevated with depleted GSH after APAP treatment, in CVD-treated rabbits while MDA and ALP levels were significantly decreased.
The preserved levels of activity of antioxidant enzymes and the decreased levels of MDA in liver homogenates point to an antioxidant activity of CVD and assured the fact that disturbances of oxidant/antioxidant milieu in hepatic tissue underlies acute APAP hepatotoxicity. Moreover, Hamdy N & El-Demerdash [10] attributed the antifibrotic effects of CVD to amelioration of oxidative stress through mainly, replenishment of GSH, restoration of antioxidant enzyme activities and reduction of lipid peroxides as well as amelioration of inflammation and fibrosis by decreasing collagen accumulation, acute phase protein level, NF-κB expression and finally hepatic stellate cell activation.
In support of antioxidant activity of CVD, Ozaydin et al., [35] clinically detected that CVD and N-acetyl cysteine reduced oxidative stress and inflammation compared with metoprolol and decreased oxidative stress compared with CVD alone. Recently, Araújo Júnior et al., [36] in rat model of ethanol-induced liver injury reported that CVD treatment was associated with reduced levels of AST, ALT, triglyceride, MDA, and proinflammatory cytokines and increased levels of the anti-inflammatory cytokine IL-10 and GSH compared to the alcohol-only group Interestingly, animals received CVD and H 2 S blocker (PAG) showed deterioration of the effect of CVD manifested as significantly higher serum levels of ALT, AST and MDA levels with reduced activity levels of antioxidant enzymes in liver homogenates compared to animals received CVD alone despite being significantly better than animals received APAP alone. Such deterioration was also assured histologically and indicated an ameliorative effect of naturally synthesized H 2 S on APAP toxic effects. Also, these findings indicated an ability of naturally synthesized H 2 S to preserve the body antioxidant reserve despite of toxic exposure. However, the reported data in the study group indicated a fact that endogenous H 2 S activity could not withstand for acute exposure, thus it could explain the absence or the indefinite toxic manifestations of intermittent or temporary APAP exposure.
These data supported the recently documented effects of H 2 S where Okamoto et al., [37] suggested that H 2 S produced by CSE is a part of a homeostatic mechanism used by pancreatic β-cells to inhibit insulin release and reduce cellular stress evoked by glucose, possibly via the H 2 S anti-oxidant properties. Sodha and Sellke [38] documented that administration of H 2 S as a therapeutic agent in the setting of ischemia-reperfusion can markedly attenuate the inflammatory response with subsequent mitigation of tissue injury and improved function. Dief et al., [39] found that treatment with ATB-346, a novel H 2 S-releasing naproxen, attenuated nociceptive responses, inflammatory cellular and biochemical changes in comparison to naproxen and ATB-346 was able to suppress neutrophil adherence and to preserve normal articular structure, while naproxen showed deleterious effects on articular cartilage. The number of the study animals (forty animals) might not represent the variations in response to carvedilol treatment and the side effects that can result from such treatment. So the authors recommend doing further studies in large scales.
Conclusion
Acute APAP exposure is hepatotoxic through inducing alterations of oxidant/antioxidant milieu leading to destroyed hepatic architecture and altered liver function tests. CVD has a curative effect against acute APAP hepatotoxicity through preservation of activity of antioxidants. We also demonstrated for a finding that endogenous H 2 S significantly contributes toward CVD mediated action against APAP hepatotoxicity.
